The first molecular assessment of phylogenetic relationships of cladorchiid digeneans (superfamily Paramphistomoidea Fischoeder, 1901) from freshwater fishes based on 28S rDNA, ITS2 and cox1 sequences reveals the subfamilies Dadayiinae Fukui, 1929 and Kalitrematinae Travassos, 1933 as non-monophyletic, whereas Dadaytrema Travassos, 1931 represented by three species is monophyletic. Fourteen species of cladorchiids were found in characiform, perciform and siluriform fishes in the Neotropical Region (Brazil and Peru), with numerous new host and geographical records. The first scanning electron micrographs of seven species are presented. Two new species of dadayiine and one new species of kalitrematine paramphistomes are described. Microrchis macrovarium sp. n. from Pimelodella cristata (Müller et Troschel) (type host), Tetranematichthys quadrifilis (Kner) and Pterodoras granulosus (Valenciennes) in Brazil and Peru differs from all three congeners in that the testes are directly tandem, not oblique, and that the ovary, between the caecal ends, is widely separated from the testes. Pronamphistoma philippei sp. n. from Heros sp. in Brazil is distinguished from the type and only species, Pronamphistoma cichlasomae Thatcher, 1992, by the absence of the anterior collar-like expansion present in the type species, the presence of extramural rather than intramural pharyngeal sacs, and the unusual development of the dorsal and ventral exterior circular muscle fibre series in the acetabulum. Pseudocladorchis romani sp. n. from P. granulosus (type host), Brachyplatystoma vaillantii (Valenciennes), Calophysus macropterus (Lichtenstein), Megalodoras uranoscopus (Eigenmann et Eigenmann) and Oxydoras niger (Valenciennes) in Brazil and Peru, is most similar to Pseudocladorchis nephrodorchis Daday, 1907 but differs in the shape of the testes (irregular, versus reniform in the latter species) and the size of the ovary (as large as, or larger than, the testes in the new species). The generic diagnosis of Pronamphistoma Thatcher, 1992 is amended. Dadaytremoides parauchenipteri Lunaschi, 1989 is transferred to Doradamphistoma Thatcher, 1979 as D. parauchenipteri (Lunaschi, 1989 comb. n. based on morphological and molecular evidence.
The Paramphistomoidea Fischoeder, 1901 is a superfamily of digeneans of cosmopolitan distribution characterised by the absence of an oral sucker and by the posterior position of the acetabulum. They constitute one of the most important groups of helminth parasites of ruminants with a broad spectrum of definitive hosts, and a wide geographical distribution (Sey 2005) . They are classified in 12 families and are found in all groups of vertebrates, being common in fresh-and brackish-water fishes (Jones 2005a ), although they are curiously rare in Nearctic and Palaearctic freshwater fishes. Various species have veterinary importance, especially members of the Paramphistomidae Fischoeder, 1901 and Gastrothylacidae Stiles et Goldberger, 1910 , which cause a disease called paramphistomiasis among ruminants (Sanabria and Romero 2008) .
In South America, species of the Cladorchiidae Fischoeder, 1901 , Diplodiscidae Cohn, 1904 and Zonocotylidae Yamaguti, 1903 parasitise freshwater fish, the cladorchiids having the second largest species richness among fish digeneans in this continent (Thatcher 2006 ). Most species were described from fishes in the Amazon River Basin (almost exclusively from Brazil -Thatcher 2006) . So far, 35 species are known in 24 genera in South American freshwater fishes (Choudhury et al. 2016 , Pantoja et al. 2018 , but the validity of some species should be confirmed because their species descriptions were insuf-ficient or based on poor-quality, often strongly flattened, contracted or decomposed specimens. Most studies on cladorchiids have been limited to morphological descriptions without the use of scanning electron microscopy (SEM) to document surface ultrastructure.
Molecular phylogenetic studies on paramphistomes are scarce and are almost exclusively limited to taxa of veterinary importance, i.e. species of the Paramphistomidae (Laidemitt et al. 2010 , Lotfy et al. 2010 , Sokolov et al. 2016 , Vélez et al. 2018 . In contrast, no molecular data on any Neotropical cladorchiid species from fish are available to assess their relationships. The monophyly of cladorchiid subfamilies has also not been tested using molecular phylogenetic approaches.
During surveys of the helminth parasites of freshwater fishes in Brazil and Peru carried out by the present authors and their collaborators from 2004 until 2018, extensive material of cladorchiid digeneans was collected. In addition to three new species in two new genera recently described by Pantoja et al. (2018) from Peruvian Amazonia, the new material reveals other new species and numerous new host and geographical records. Moreover, this material enabled us to make the first attempt to assess phylogenetic relationships within this family using three different molecular markers. Scanning electron micrographs (SEM) of several taxa are also provided for the first time to document their three-dimensional appearance and visualise details of their surface ultrastructure.
MATERIALS AND METHODS

Collection of material
Freshwater fishes from the Amazon River and its tributaries around Iquitos, Loreto Region, Peru were examined in 2004-2006, 2008, 2009, 2011 and 2018 , and those from several regions of Brazil (states of Amapá, Mato Grosso do Sul, Pará, Paraná, Rondônia and Tocantins, i.e. Amazon, Occidental Northeast Atlantic and Paraná River basins) between 2013-2017. The digeneans found were rinsed in saline and fixed in 4% hot formalin or in molecular-grade 99% ethanol. Formalin-fixed specimens were transferred to 70% ethanol until further processing, i.e. staining and SEM studies. Host nomenclature and classification follows Froese and Pauly (2018) .
Morphological evaluation
Specimens fixed in formalin were stained with Mayer's hydrochloric carmine solution, dehydrated in an ascending ethanol series, cleared with eugenol (clove oil) and mounted in Canada balsam as permanent preparations. Drawings were made using a drawing tube attached to an Olympus BX 51 microscope. Measurements were made using cellSens Dimension Software adapted to a dissecting microscope Olympus BX53 and are given in micrometres unless otherwise stated; metrical data are given as the range followed by the mean in parentheses.
Specimens for SEM observations were prepared using the methodology outlined by Kuchta and Caira (2010) . Briefly, samples were hydrated in a graded ethanol se ries, dehydrated in a graded ethanol series, transferred to hexamethyldisilazane (HMDS) (Ted Pella, Inc., Redding, California) , and allowed to air dry. They were subsequently mounted on aluminium stubs using double-sided carbon tape, sputter coated with 30-nm gold/ palladium, and examined with a JEOL JSM-7401F field emission scanning electron microscope (JEOL Ltd., Tokyo, Japan).
For comparison, the types and vouchers of cladorchiids deposited in the collection of the Instituto Nacional de Pesquisas do Amazonas, Manaus, Brazil (INPA), were studied (for list of specimens studied -see Pantoja et al. 2018) . Some of the type and voucher specimens of cladorchiids collected by J. Natterer in the Brazilian Amazonia, then described by K.M. Diesing and deposited in the Natural History Museum in Vienna (Zoologisches Museum Wien -ZWM), were also studied. Holotypes and some paratypes of the taxa described here are deposited in the Helminthological Collection of the Instituto Oswaldo Cruz in Rio de Janeiro, Brazil (CHIOC), whereas other paratypes and vouchers are deposited in the Helminthological Collection of the Institute of Parasitology of the Biology Centre of the Czech Academy of Sciences, Czech Republic (IPCAS), Natural History Museum, Geneva, Switzerland (MHNG-PLAT), and Natural History Museum in London, UK (NHMUK).
Massachusetts) in a MegaBACE sequencer (GE Healthcare Life Sciences). Contiguous sequences were assembled in Geneious (Geneious ver. 9 created by Biomatters, available from http://www.geneious.com/) and deposited in GenBank.
Phylogenetic analyses
Sequences obtained in this study and those retrieved from GenBank (Table 1) were aligned using the E-INS-I algorithm of the program MAFFT (Katoh and Standley 2013) implemented in Geneious, excluding ambiguously aligned positions. Alignments were analysed using Bayesian inference (BI) and maximum likelihood (ML) methods employing the nucleotide substitution model which was calculated in the program jModelTest v2.1.10 (Darriba et al. 2012) . For 28S rDNA analysis, the nucleotide substitution model was GTR + I + G. For cox1 mtDNA analysis, the nucleotide substitution model was GTR + G and for ITS2 analysis, the nucleotide substitution model was K80 + G. The best ML estimate was obtained from 100 searches in the program GARLI ver. 2.01 (Zwickl 2006 ) using default settings. The nodal support was evaluated by running tree searches on each of the 500 bootstrap replicates in GARLI. A BI tree was constructed using MrBayes ver. 3.2 (Ronquist et al. 2012) running two independent MC3 runs of 4 chains (one cold, three heated) for 5 million generations (ngen = 5,000,000), sampling tree topologies every 1,000th generation (samplefreq = 1,000) and the first 500 samples were discarded as burn-in (burninfrac = 0.10). Tracer v.1.6 (Rambaut et al. 2014 ) was used to check the convergence and mixing of different parameters and to confirm that the effective sample size (ESS) of each parameter was adequate to provide reasonable estimates of the variance in model parameters (i.e. ESS values > 200) .
The diplodiscid Diplodiscus subclavatus (Pallas, 1760) (AY222212) was used as outgroup for 28S rDNA analysis. Sequences of the cladorchiid Amurotrema dombrowskajae Achmerov, 1959 (KT321869) obtained from GenBank and newly gener- 
RESULTS
Morphological evaluation of numerous specimens of cladorchiid digeneans found in freshwater fishes in Brazil and Peru from 2004 to 2018 has revealed the presence of 14 species, in addition to the three new species recently described by Pantoja et al. (2018) . Out of these 14 species, three are new to science and are described in the present paper. A list of previously known species is provided and SEM micrographs of seven species are presented. In addition, sequences of 28S rDNA of 27 isolates of 13 species, sequences of ITS2 rDNA of 11 isolates of five species and sequences of cox1 mtDNA of 28 isolates of 10 species were obtained. A total of 1.073, 365 and 396 characters were observed after complete alignment of the 28S rDNA, ITS2 rDNA and cox1 mtDNA, respectively.
Cladorchiidae in freshwater fishes from Brazil and Peru
Species and subfamilies are listed alphabetically, with the new taxa listed first. New host records are indicated by an asterisk (*).
Superfamily Paramphistomoidea Fischoeder, 1901 Family Cladorchiidae Fischoeder, 1901 Subfamily Dadayiinae Fukui, 1929 Microrchis macrovarium sp. n. Fig. 1A ; Table 2 ZooBank number for species: urn:lsid:zoobank.org:act:14F7648A-7B66-4E79-850E-384ED87BE8F6
Material studied: one specimen from Pimelodella cristata (Müller et Troschel) (PAIA 49) and one from Tetranematichthys quadrifilis (Kner, 1858) (PAIA 01 -IPCAS D-790/2), Maracanã River in Igarapé-açu, Pará, Brazil, 15.vii.2016 , collected by A. Pereira and C. Pantoja; one from P. cristata (PI 183 -IPCAS D-790/1) and three from Pterodoras granulosus (Valenciennes) (PI 1000, 1001), Iquitos, Loreto, Peru, 13.iv.2005 and 19.iv.2018 , T. Scholz and R. Kuchta; all mounted as permanent preparations.
Description (based on five specimens; measurements of specimens from different hosts are in Table 2 . R e p r e s e n t a t i v e D N A s e q u e n c e s : not available. E t y m o l o g y : species name reflects the large size of the ovary relative to the testes: macro -large, ovarium -ovary.
Differential diagnosis.
The new species is placed in Microrchis based on the combination of the pharynx with intramural sacs and an anterior sphincter, characteristic of the microrchis type of Näsmark (1937) , an oesophageal bulb is present, the caecal ends do not approach the acetabulum, the testes are entire and subspherical, the genital pore is closely postbifurcal, the uterus forms extensive descending coils, the vitelline fields fail to extend anterior to the anterior testis or to reach the caecal ends. All four species of Microrchis (see below for the list of nominal species of the genus) have a posteromedial notch in the posterior rim of the acetabulum.
The genus was erected by Daday (1907) to accommodate Microrchis megacotyle (Diesing, 1836 ) (syn. Amphistoma megacotyle Diesing, 1836; type species) and M. ferrumequinum (Diesing, 1836 ) (syn. A. ferrumequinum Diesing, 1836 (Daday 1907) . The third species, Microrchis oligovitellum Lunaschi, 1987 , was described from Luciopimelodus pati (Valenciennes) and Trachycorystes striatulus (Steindachner) in Argentina by Lunaschi (1987) .
The new species differs from all three in that the testes are directly tandem, not oblique, and that the ovary, between the caecal ends, is widely separated from the testes. It differs further from M. megacotyle and M. ferrumequinum in that the ovary is larger than the testes, a character it shares only with M. oligovitellum, which is, however, the only species described with a bifurcal rather than a closely postbifurcal genital pore, vitelline follicles restricted to two very short lateral fields overlying the caeca just posterior to the level of the ovary, and uterine coils extending across the caeca throughout their length.
In M. megacotyle, the uterus is entirely intercaecal and in M. ferrumequinum it extends just beyond the level of the caecal ends but is otherwise intercaecal. The new species further differs from both in having rather more restricted vitelline fields, which do not extend anterior to the level of the posterior testis. These specimens are therefore considered to be new and are named M. macrovarium.
Remarks. The new species occurs in fishes of two different families of catfishes from two river basins of South America, i.e. the Amazon and Marapanim Rivers. Yamaguti (1958) erected the subfamily Microrchiinae for Microrchis Daday, 1907 and Travassosinia Vaz, 1932 . Recognised by Sey (1988 Sey ( , 1991 , the subfamily was subsequently synonymised with the Dadayiinae Fukui, 1929 by Jones (2005b) .
Pronamphistoma philippei sp. n. Description (based on six specimens, four gravid): body tiny, 814-1,035 (947; n = 6) long, tapered anteriorly, with maximum width 277-347 (310; n = 4) in pre-acetabular region. Acetabulum almost as wide as body, 185-243 long and 262-307 wide; arc-like concentrations of strongly-developed ventral exterior circular and dorsal exterior circular muscle fibres visible in and arching across mid-line in anterior and posterior regions of acetabulum.
Oral opening terminal. Pharynx 83-100 long and 57-71 wide, with paired primary extramural pharyngeal sacs, right 56-83 long, left 57-79 long, each slightly more voluminous than pharynx. Oesophagus medium in length, 83-164 long, flexed. Oesophageal bulb present, 52-59 long. Muscle fibres clearly visible in oesophagus and bulb; both delicate but well developed. Caeca fairly straight, wide, ends usually overlap anterior rim of acetabulum or may just fail to reach it; right caecum 420-562 long, left caecum 410-595 long.
Testes in middle third of body, intercaecal, rounded, entire, usually very slightly obliquely tandem, contiguous, anterior testis 95-215 long and 98-249 wide, posterior testis 116-214 long and 116-268 wide. Cirrus-sac present, rounded, contains internal seminal vesicle. Genital pore immediately postbifurcal, median, surrounded by glandular tissue.
Ovary rounded, 41-93 long and 50-56 wide, median or just submedian, slightly anterior to level of caecal ends and removed from acetabulum, just contiguous with posterior testis or not. Mehlis' gland complex appears to be posterodorsal to ovary. Laurer's canal not seen. Vitelline follicles in lateral fields along caeca from approximately intertesticular level almost to caecal ends; follicles encroach towards mid-line at level of ovarian complex, becoming confluent. Uterine walls difficult to see; gravid specimens contain 2-9 large eggs at level of ovary and posterior testis. Excretory vesicle and excretory pore not seen.
T y p e a n d o n l y k n o w n h o s t : Heros sp. (Perciformes, Cichlidae). T y p e l o c a l i t y : Marapanim River, Igarapé-açu, Pará, Brazil (01º07'44''S; 47º37'12''W). T y p e m a t e r i a l : holotype (specimen from host PAIA 99a -CHIOC 40058a), 2 paratypes (CHIOC 40058b,c); two paratypes (IPCAS D-791/1). Z o o B a n k r e g i s t r a t i o n : urn:lsid:zoobank.org:act:1810CFBD-D47A-41B9-825D-1D9C36043F20 S i t e o f i n f e c t i o n : intestine. I n f e c t i o n r a t e : 1/5 (8). R e p r e s e n t a t i v e D N A s e q u e n c e s : not available. E t y m o l o g y : the species is named after Philippe Vieira Alves, Brazil, for his help during sampling trips in Brazil and advice in analysing molecular data.
The new species is placed in Pronamphistoma Thatcher, 1992, which was erected for the type and, until now, the only species P. cichlasomae Thatcher, 1992, described by Thatcher (1992) from Heros severus Heckel in Brazil (Rondônia). Closely though the present specimens resemble P. cichlasomae, they differ significantly from this species, whose holotype and paratypes (INPA 454 and 455a-j) were studied by the authors. The similarities include the small body size, intercaecal testes (figured as slightly obliquely tandem by Thatcher 1992), postbifurcal genital pore, ovary close to the posterior testis and the small number of relatively large eggs.
The differences are the absence of the anterior collar-like expansion described in the type-species, the presence of extramural rather than intramural pharyngeal sacs, and the unusual development of the dorsal exterior circular and ventral exterior circular muscle fibre series in the acetabulum of the new species. Furthermore, the fan-like configuration of the vitelline gland described by Thatcher (1992) was not observed in the present specimens, in which the follicles extend along the caeca in lateral fields, with some encroaching towards the midline at the level of the ovarian complex to become broadly confluent.
The anterior collar-like expansion described by Thatcher (1992) is visible in some but not all specimens of the type-series of P. cichlasomae, but seems to be a genuine feature consistently present in most. Collar-or shoulder-like expansions near the anterior extremity in several cladorchiids have been treated at generic level by various authors and seem to be a consistent feature in the taxa where it has been described. This feature has not been seen in our specimens. Thatcher (1992) described and figured the pharyngeal sacs in P. cichlasomae as intramural but they are clearly extramural in our specimens. He described the oesophagus as short but it may have been flexed and partly concealed by the pharynx. The development of the dorsal and ventral circular muscle units observed in the acetabulum of our specimens was not mentioned by Thatcher (1992) but may not have been observed or considered by him. In comparing our specimens with the type series of P. cichlasomae, we are aware that the less than optimal condition of those types renders it difficult to make comparisons as fully as we would wish. Nevertheless, we consider that the differential characters presented above justify species status for the present specimens, under the name of P. philippei n. sp.
Remarks. Because of the addition of another species to the previously monotypic genus, the generic diagnosis of Pronamphistoma is amended as presented below.
Pronamphistoma Thatcher, 1992 Amended generic diagnosis: body small, tapered anteriorly; maximum width in pre-acetabular region. Anterior collar-like expansion present or absent. Acetabulum without posteromedial notch in posterior rim; dorsal and ventral exterior circular muscle series well developed in mid-line or not. Oral opening terminal. Pharynx with intraor extramural paired primary pharyngeal sacs. Oesophageal bulb present. Caeca wide, reaching acetabulum or not. Testes ovoid, entire, intercaecal in middle third of body, contiguous, obliquely tandem. Cirrus-sac ovoid, contains internal seminal vesicle. Genital pore closely postbifurcal, surrounded by glandular tissue. Ovary rounded or spherical, median or submedian, just anterior to caecal ends, contiguous with posterior testis or not. Laurer's canal not seen. Mehlis' gland complex posterodorsal to ovary. Uterus contains few large eggs. Vitelline follicles in lateral fields along caeca from intertesticular level almost to caecal ends, broadly confluent at level of ovary, or form fanlike configuration on each side. Excretory vesicle saccate. In intestine of cichlid fishes (Heros spp.), Brazil. (Daday, 1907 ) Fukui, 1929 Syns Amphistoma oxycephalum of Diesing (1836) (Characiformes: Serrasalmidae); *T. galeatus (Linnaeus) (Siluriformes: Auchenipteridae). S i t e i n h o s t : intestine. I n f e c t i o n r a t e : T. galeatus: 1/27 (5). D i s t r i b u t i o n : Brazil (type locality -not specified; Marapanim River, Igarapé-açu, Pará, Brazil -new locality). R e p r e s e n t a t i v e D N A s e q u e n c e s : not available.
Dadayius marenzelleri
Remarks. The species was described as D. marenzelleri by Daday (1907) who found a mixture of species on two of Diesing's (1836) slides from 'Salmo sp.' He differentiated his new species from the only congener from fish, Diplodiscus cornu (Diesing) , by the presence of a 'genital sucker' (absent in D. cornu). The present specimens correspond in their morphology including the total size of the body and the relative size of the pharynx and 'genital sucker'. In fact, there is no true genital sucker in this taxon nor in Dadayius pacuensis (see below). The area surrounding the genital pore is slightly elevated and glandular but lacks a sucker-like structure. Thatcher, Sey et Jégu, 1996 Fig . R e p r e s e n t a t i v e D N A s e q u e n c e s : not available.
Dadayius pacuensis
Remarks. New material from the serrasalmid M. lippincottianus corresponds to D. pacuensis, confirmed by a study of its holotype (INPA 203) and paratypes (INPA 203b, e) . Dadayius pacuensis was described from M. rubripinnis by and differentiated from the type and only species, D. marenzelleri, by its massive acetabulum, relatively larger pharynx and genital sucker, and smaller body size (half the size of the type species - . It has a massive acetabulum with incomplete transverse ridges on the luminal surface. Both D. marenzelleri and D. pacuensis were described with these ridges, which regarded as a generic character. Dadayius marenzelleri was illustrated by with directly tandem testes. The size of our specimens from M. lippincottianus is consistent with this species but, according to Thatcher et al.'s (1996) generic diagnosis, it has a genital sucker and lacks a cirrus-sac. A thin-walled cirrus-sac has been noted in the present specimens and the testes are obliquely tandem.
However 2011, were described as lacking visible transverse ridges (Lacerda et al. 2003 , Lopes et al. 2011 . Our specimens resemble D. pacupeva in having obliquely tandem testes (described as tandem in D. pacupeva but figured as obliquely tandem) and the ovary between the caecal ends, but differ in the greater size of the acetabulum relative to the body and the presence of transverse ridges on its luminal surface, confirmed in the present study (Fig. 2B ). The caeca reach or almost reach the acetabulum, a cirrus-sac is present and a true genital sucker is absent. The area around the genital pore is slightly elevated and glandular but lacks a sucker as defined by Näsmark (1937) 
and Eduardo (1982) . Their interpretation is followed here. These specimens therefore cannot be allocated to D. pacupeva. Our specimens cannot be D. puruensis, which differs in apparently lacking transverse ridges in the lumen of the acetabulum and a posteromedial acetabular notch. Also, this species is said to have a genital sucker, vitelline follicles anterior to the caecal arch and an arc-shaped ovary. The position of the vitelline follicles, if confirmed, would be highly unusual for the superfamily and requires reassessment. A cirrus-sac was considered absent or not observed and the uterus and eggs were not observed. This suggests that these specimens were immature. These specimens are closest to D. pacuensis, but the genus requires revision and re-examination of all type-series to clarify interpretation of the terminal genitalium and ascertain whether the reported absence of a cirrus-sac and of transverse ridges in some taxa results from the difficulty of observing them.
Scanning electron microscopy has revealed the presence of concentric rings of dome-shaped, non-ciliate tegumentary papillae around the anterior extremity, on the rim of the acetabulum and around the genital pore ( Fig. 2A-C) . Lunaschi, 1989 Fig Entre Ríos Province, Argentina. T y p e m a t e r i a l : type specimens (six adult and seven immature worms, all flattened) in the Colección Helmintológica, Museo de La Plata, Argentina (Coll. Nos. 1289C-1306C). A d d i t i o n a l h o s t s : *P. megalura (Siluriformes: Heptapteridae); *P. blochii, *P. fur (Siluriformes: Pimelodidae). S i t e o f i n f e c t i o n : intestine. I n f e c t i o n r a t e : Pimelodella gracilis: 1/1 (14); P. megalura: 3/3 (3); P. blochii: 2/8 (3); P. fur: 5/13 (7). D i s t r i b u t i o n : Argentina, Brazil (Miranda River, Pantanal, Mato Grosso do Sul, 20°11'27''S; 56°30'19''W; Quatro Cachoeiras River, Ariquemes, Rondônia, 10°01'S; 63°03'W; both new localities). R e p r e s e n t a t i v e D N A s e q u e n c e s : see Table 1 and Figs. 6-8.
Dadaytrema gracile
Remarks. The species was described by Lunaschi (1989) from the heptapterid catfish P. gracilis from Entre Ríos Province in Argentina (Paraná River basin). It was differentiated from D. oxycephalum by the diagonal, not tandem position of the testes, which are almost entire, and by the extracaecal position of the uterus (versus almost exclusively intercaecal in D. oxycephalum). New material collected from the same river basin as the type locality and from the Amazon River basin extends the distribution of the species and the spectrum of its definitive hosts to include another species of Pimelodella, P. megalura, and two pimelodid catfishes, P. blochii and P. fur.
For the first time, the species was studied using SEM and details of the tegumentary papillae, which were not reported in the original description, are provided here. The papillae are arranged in several concentric circles around the anterior extremity (Fig. 2E) and are bluntly dome-shaped and multiciliate (Fig. 2F) . The acetabular rim also appears to bear small, dome-shaped, non-ciliate papillae (Fig. 2H) .
Since the latin suffix -trema is neuter, not feminine, the species name is amended to gracile. Vaz, 1932 Fig . R e p r e s e n t a t i v e D N A s e q u e n c e s : see Table 1 and Figs. 6-8.
Dadaytrema minimum
Remarks. The species was described as D. minima (the generic name is neuter and thus the ending of the species name should be -um) from the serrasalmid Myleus sp. (= Myloplus sp.) by Vaz (1932) . He did not differentiate it from D. elongatum and D. oxycephalum, just mentioned its small size (total length of 2.0-2.5 mm; maximum width of 1.3-1.5 mm) and a very short oesophagus. Based on Vaz's (1932) figures, it is also possible to distinguish this species from D. elongatum and D. oxycephalum by the widely oval shape of the body steadily narrowing towards the anterior extremity (versus more oblong in the latter species; compare figs. 14-17 with figs. 5-7 and 10-14 in Vaz 1932) . Even though Heyneman et al. (1960) and Vicente et al. (1978) synonymised all three species, they did not provide convincing arguments for this synonymy. In addition, molecular data unequivocally establish the existence of at least three separate species of Dadaytrema (see Fig. 6 ). The present study considerably enlarges the spectrum of definitive hosts of this species. Furthermore, it was studied using SEM for the first time, which revealed the clearly oval shape of the body (Fig. 3A) . Even though many specimens are apparently contracted, the worms seem to have a similar body-shape as D. minimum described by Vaz (1932) . The caeca are not as lateral as figured by Vaz (1932) , but the worms have a rather short oesophagus, which corresponds to Vaz's (1932) description. Therefore, we consider them as conspecific. SEM examination also showed the presence of concentric rings of bluntly conical, multiciliate, tegumentary papillae around the anterior extremity (Fig. 3B,C) and dome-shaped, non-ciliate papillae on the rim of the acetabulum (Fig. 3D ).
Dadaytrema oxycephalum (Diesing, 1836 ) Travassos, 1931 Fig R e p r e s e n t a t i v e D N A s e q u e n c e s : see Table 1 and Figs. 6-8.
Remarks. The species was described as A. oxycephalum by Diesing (1836) from several species of serrasalmid fishes and the catfish P. ornatus in Mato Grosso, Brazil. Travassos (1931) transferred it to Dadaytrema. This digenean seems to be the most abundant cladorchiid occurring in Neotropical fishes and occurs in a number of characiform and siluriform fishes. In the present study, four new fish hosts are reported. One specimen from P. granulosus (BRMS) was studied using SEM, revealing the distribution of the tegumentary papillae around the anterior extremity (Fig. 3G) , where they occur in concentric rings and are conical and multiciliate (Fig. 3H,I ). Dome-shaped, noncilate papillae are scattered on the acetabular rim around its aperture and on the adjacent body-surface (Fig. 3J) . 
Deltamphistoma pitingaense
f). S i t e o f i n f e c t i o n : intestine. I n f e c t i o n r a t e : Myloplus schomburgkii (Brazil): 4/6 (3);
Myleus setiger (Brazil): 3/6 (3); M. rubripinnis: 3/7 (127; maximum 200). D i s t r i b u t i o n : Brazil (Amazonas, Xingu River, Altamira, Pará, Brazil, 3°35'45''S; 51°49'01''W -new locality). R e p r e s e n t a t i v e D N A s e q u e n c e s : not available.
Remarks. New material from three serrasalmid fishes (all new hosts) well corresponds in its morphology to the type and only species of Deltamphistoma Thatcher et Jégu, 1996, D. pitingaense . This species was described from M. paraschomburgkii from three rivers in the state of Amazonas, Brazil by . It closely resembles Anavilhanatrema robustum Thatcher, 1992 (the original spelling "robusta" is emended here because the latin suffix -trema is neuter in gender, not feminine) described from the serrasalmid Pristobrycon striolatus (Steindachner) in Anavilhana Island, Rio Negro, Amazonas, Brazil in the possession of large, tandem testes much wider than long, extramural pharyngeal sacs and intercaecal uterus, but differs by the absence of the anterior collar-like ridge (present in A. robustum), the presence of an oesophageal bulb, postbifurcal genital pore, intestinal caeca ending far from the acetabulum, an entire, not lobed ovary, and intercaecal vitelline follicles (see Jones 2005b). Thatcher, 1999 Figs formes: Doradidae). T y p e l o c a l i t y : Manaus, Amazonas, Brazil. T y p e m a t e r i a l : Holotype and five paratypes (INPA 371, 372a-e). A d d i t i o n a l ( n e w ) h o s t s : *Oxydoras niger, *Platydoras costatus (Siluriformes: Doradidae). S i t e o f i n f e c t i o n : Intestine. I n f e c t i o n r a t e : M. uranoscopus (Brazil): 2/3 (3); M. uranoscopus (Peru): 5/7 (3; maximum 9); O. niger (Peru): 2/2 (9); P. costatus (Peru): 1/1 (3). D i s t r i b u t i o n : Brazil (Amazonia; Xingu River, Pará -new locality), Peru (Tarapoto, San Martín Region, 6º29'S; 76º22'E -new locality). R e p r e s e n t a t i v e D N A s e q u e n c e s : see Table 1 and Figs. 6-8.
Doradamphistoma bacuense
Remarks. This species was described from M. irwini (= M. uranoscopus) from Manaus in the state of Amazonas in Brazil, and a new genus, Doradamphistoma Thatcher, 1999, was erected to accommodate it by Thatcher (1999) . He characterised it by well-developed pharynx and extramural pharyngeal sacs, a long oesophagus, sinuous caeca approaching the anterior margin of the acetabulum, testes diagonal, equatorial or pre-equatorial, postbifurcal genital pore, and postequatorial ovary (figured as anterior to the caecal ends).
The only differences between Thatcher's (1999) description of D. bacuense and the present specimens are the presence of an anterior pharyngeal sphincter, which he did not report or illustrate, and the shape of the acetabulum, which has a posteromedial notch ( Figs 1D, 4E ) not described by Thatcher but confirmed by a study of the type material (Fig. 1D) . Our material from Brazil and Peru expands the spectrum of definitive hosts to include another two species of doradid catfishes, namely O. niger and P. costatus. Peru represents a new geographical record for the species, previously known only from the Amazon River basin. Additional specimens also enabled us to provide the first SEM of the species. Concentric rings of inconspicuous dome-shaped papillae are present around the oral opening, extending further posteriorly, and more widely spaced, on the anterior extremity, and on the rim of the acetabulum; none were observed around the genital pore. The molecular data indicate a close relationship between D. bacuense and Dadaytremoides parauchenipteri, a parasite of auchenipterid and pimelodid catfishes (see below). (Lunaschi, 1989) comb. n. Fig. 4A (PAIA 64, 123, 124, 125, 126, 145, 146, 160, 161, 163, 164, 166, 168, 187, 198) , Maracanã River at Igarapé-açu, Pará, Brazil, 16.vii.2016, C. Pantoja; 13 from T. galeatus (BR-PR 25, 26, 41, 65, 66, 67, 71, 72, 82, 84, 142, 221) . R e p r e s e n t a t i v e D N A s e q u e n c e s : see Table 1 and Figs. 6-8.
Doradamphistoma parauchenipteri
Remarks. The species was described from Parauchenipterus galeatus (= Trachelyopterus galeatus) from Argentina by Lunaschi (1989) . It is characterised by a large pharynx with a massive anterior sphincter, extensive uterus with numerous extracaecal loops from the oesophageal level to the acetabulum, a posteromedial notch in the acetabular rim, testes diagonal, and few vitelline follicles situated far anterior to the acetabulum (Lunaschi 1989) . Numerous specimens were found in the type host, T. galeatus, from the Paraná and Amazon River basins, and in two new definitive hosts, both of the order Siluriformes, i.e. the auchenipterid A. inermis and the pimelodid B. vaillantii.
Using SEM (Fig. 4A) , dome-shaped non-ciliate papillae in concentric rings around the anterior extremity were clearly observed (Fig. 4B) ; the rings, more widely spaced, extend posteriorly along the anterior extremity but, as with the previous species, do not reach the level of the genital pore; small dome-shaped papillae are also present on the acetabulum (Fig 4A-B) . Although Dadaytremoides parauchenipteri and Doradamphistoma bacuense were originally assigned to two distinct genera, they share some characteristics, discussed in more detail below. Both species seem to share a similar distribution of the tegumentary papillae. Although there are deficiencies in the original descriptions of both species and the type species of Dadaytremoides, D. grandistomis Thatcher, 1979, some The indications are that in morphological characters D. parauchenipteri and D. bacuense have more in common with each other than either does with D. grandistomis. The differences between the two of them are the position of the ovary relative to the testes and the configuration -horizontal or longitudinal -of the vitelline fields. These differences would be sufficient to separate them at species level on morphological terms (unless some of them could be shown to be artefacts related to fixation or maturity).
DNA sequences are available for D. parauchenipteri and D. bacuense, which are very close by any criteria, but not for D. grandistomis, the type species of Dadaytremoides, which differs from both by several morpholog- ical characters. A genus rests on its type species, not on others attributed to it, and D. grandistomis differs from the others in a combination of the characters listed above. Therefore, the attribution of D. parauchenipteri to Dadaytremoides is now unsure on morphological grounds and the species should be transferred to Doradamphistoma as a new combination. This fits with the sequencing results for both species of that genus (Figs 6-8) . Although both genera are morphologically similar, which resulted in them keying out in the same couplet in the key by Jones (2005b) , they are not synonymised in the absence of any DNA sequence data from the type species of Dadaytremoides and the morphological differences discussed above. Thatcher et Jégu, 1998 Fig. 5A French Guiana. R e p r e s e n t a t i v e D N A s e q u e n c e s : not available.
Myleustrema concavatum
Remarks. Specimens found in Myloplus rubripinnis are almost indistinguishable from those described by Thatcher and Jégu (1998) as Myleustrema concavatum and are considered conspecific. The species was described from Myleus ternetzi in French Guiana and never found since its original description. It is typified by an ovoid, thick-walled cirrus-sac and the aperture of the acetabulum directed posteriorly, with tiny papillae on its rim. In addition, it has a postbifurcal genital pore, pharynx with long extramural sacs, lobed oblique testes much wider than long, and short lateral fields of vitelline follicles commencing posteriorly at the level of the ovary but failing to reach the level of the posterior testis.
The only difference between our specimens and those of Thatcher and Jégu (1998) is that the caeca are conspicuously more sinuous in the dorsoventral plane. LM and SEM observation confirmed the presence of concentric circles of papillae around the anterior extremity (Fig. 5A) , those in the first five circles being more conspicuous. Numerous papillae were also observed on the acetabular rim, especially dorsally, as also mentioned in the original description (Thatcher and Jégu 1998) . Travassos, 1933 Pseudocladorchis romani sp. n. Figs Kuchta, Institute of Parasitology, Czech Republic for his contribution to a better understanding of the diversity of fish helminths in Amazonia. R e p r e s e n t a t i v e D N A s e q u e n c e s : see Table 1 and Figs. 6, 7.
Subfamily Kalitrematinae
Differential diagnosis. The new species is morphologically very similar to Pseudocladorchis nephrodorchis Daday, 1907 (see below) . However, in P. nephrodorchis, the testes have a distinctive exaggerated reniform shape with lobes which are usually orientated towards the ventral surface. Furthermore, the ovary in the present specimens is almost always as large as, or larger than, the testes. The specimens also differ from P. cylindricus in these respects and in lacking a posteromedial notch in the acetabulum. These differences are considered sufficient to designate a new species on morphological grounds and molecular data also support its validity (see Fig. 6 ). Daday, 1907 (1); M. setiger: 1/6 (2); M. rubripinnis: 2/7 (1); M. schomburgkii: 2/6 (3); S. manueli: 1/4 (2); T. kranponhah: 2/3 (4); O. xinguense: 1/1 (2). R e p r e s e n t a t i v e D N A s e q u e n c e s : see Table 1 and Fig. 6 .
Pseudocladorchis nephrodorchis
Remarks. Specimens found in several species of serrasalmid fishes are placed in Pseudocladorchis Daday, 1907 because they possess characteristics typical of the genus (see Jones 2005b), e.g. a large pharynx with anterior and posterior sphincters and intramural sacs, testes symmetrical or nearly so, overlying caeca ventrally, vitelline follicles in restricted lateral fields from about the testicular level to near or beyond the caecal ends, and a bifurcal genital pore.
The genus was erected by Daday (1907) to accommodate three species collected by J. Natterer in Brazil and then described by Diesing (1836) , namely Amphistoma cylindricum Diesing, 1836 (listed first and thus considered to be the type species; see Jones 2005b), P. nephrodorchis and P. macrostomus Daday, 1907 . Even though Daday (1907 provided detailed morphological descriptions of all three species, there was in fact no explicit differential diagnosis. As indicated by the species name, P. nephrodorchis has testes of a distinctive reniform shape, which differs significantly from the testes of the other species. Stunkard (1925) synonymised all three species with P. cylindricus because he did not consider differences between P. cylindricus, P. nephrodorchis and P. macrostomus to be significant at species level. Comparison of the original text of Daday (1907) and his figures on plates 25 and 26 has revealed that P. cylindricus (Diesing, 1836) and P. macrostomus Daday, 1907 have a posteromedial notch in the posterior rim of the acetabulum ("Die Öffnung des Saugnapfs ist in der Regel kreisförmig, am hintern Rand zeigt sich indessen häufig eine kleine Vertiefung"; see figs. 7 and 9 of P. cylindricus on plate 25; "Die Öffnung des Saugnapfs blickt schief nach hinten und gegen den Bauch"; see fig. 8 on plate 26 of Daday 1907 for P. macrostomus).
In contrast, P. nephrodorchis has an acetabulum without a posteromedial notch ("vom Bauch gesehen hingegen einem ganzen Kreis bzw. einem breiten Ring (Taf. 25, Fig. 18, 20 ; Taf. 26, Fig. 1 )."). Based on this difference, P. macrostomus is retained as a junior synonym of P. cylindricus as first proposed by Stunkard (1925) but P. nephrodorchis is considered to be valid. The description of P. nephrodorchis was based on Diesing's (1836) specimens designated as Amphistomum oxycephalum on slides Nos. 980 (from 'Salmo' sp.), 981 (from ʻSalmo' pacu = Myletes bidens) and 983 (ʻSalmo' pampa = Myletes aureus).
The acetabulum of our specimens lacks the deep posteromedial notch typical of P. cylindricus. Therefore, they are indistinguishable from P. nephrodorchis (see above) in this respect. Furthermore, specimens lacking this character also have reniform testes, as indicated by Daday's (1907) choice of the species name. . R e p r e s e n t a t i v e D N A s e q u e n c e s : not available.
Betamphistoma jariense
Remarks. Betamphistoma jariense was described from M. paraschomburgkii by as the type and only species of Betamphistoma . Cladorchiids found by the present authors in the same region (state of Pará) correspond to B. jariense in most morphological characteristics, i.e. a dorsoventrally flattened body, small oesophageal bulb, short caeca, a postbifurcal genital pore, a large, thick-walled cirrus-sac, and vitelline follicles limited in extent (see .
Phylogenetic relationships of cladorchiid trematodes from freshwater fishes
In total, 66 sequences of three molecular markers of 39 isolates from 26 hosts were generated (Table 1; . The phylogenetic trees for 28S and ITS2 rDNA showed the congruent topology, even though 28S rDNA analysis included more taxa (Fig. 6 ). Molecular data revealed neither the Dadayiinae nor the Kalitrematinae as monophyletic and two species of the Kalitrematinae belong to two separate lineages (Fig. 6) .
Several well-supported lineages could be distinguished based on molecular data, especially the 28S rDNA sequence dataset (see Fig. 6 for designation of individual clades). The clade A comprises three morphologically similar, but genetically distinct species of Dadaytrema which forms a monophyletic assemblage. The clades B and C include two morphologically similar species of Pseudocladorchis, which differ from one another only slightly (nucleotide divergence about 1% in 28S rDNA dataset), but they occur in different fish groups: P. nephrodorchis in characiform fishes, whereas P. romani sp. n. has been found only in siluriform fishes.
Two samples provisionally designated as Cladorchiidae gen. sp. 1 (clade D) and Cladorchiidae gen. sp. 2 (clade G) were revealed in analyses inferred from 28S rRNA gene sequences (Fig. 6) . Unfortunately, hologenophores of these samples were not available for a more precise identification of these samples that undoubtedly represent separate species and possibly belong to new genera.
The well-supported clade E comprises species originally placed in two morphologically similar genera, D. bacuense and D. parauchenipteri (transferred to Doradamhpistoma as D. parauchenipteri comb. n.; see Remarks to both species above), both occurring in catfishes (doradids in the former species and auchenipterids and pimelodids in the latter). Molecular data indicate that these species are congeneric, thus supporting the new combination proposed for D. parauchenipteri based on morphological characteristics (see above). Nucleotide divergence between specimens of both species is rather low (only 2% in 28S rDNA sequences), corresponding to differences between species of the same genus (unpublished data).
Another well-supported clade called F in Fig. 6 is composed by Iquitostrema papillatum and Goeldamphistoma amazonum, two species recently described from Peruvian Amazonia. Nucleotide divergence between these species of two morphologically conspicuously different genera, Iquitostrema and Goeldamphistomum, was only 2% in 28S rDNA sequences, whereas the divergence between the species of Dadaytrema ranged from 2-4%. However, there may be different rates of divergence for different lineages and species pairs or species groups. This depends on a range of historical factors such as age, selection pressures, drift, stasis, etc.
Clade I is a sister clade to all Neotropical cladorchiids, which thus form a monophyletic assemblage. This clade is composed of three non-Neotropical cladorchiids, namely Amurotrema dombrowskajae from the Palaearctic region, Helostomatis cf. helostomatis from the Indomalayan region, and Pisciamphistoma stunkardi from the Nearctic region. The latter species from North American centrarchids is a sister to the clade containing both taxa from the Old World. Clade I is a sister clade to all Neotropical cladorchiids (clades A-G), which thus form a monophyletic assemblage.
DISCUSSION
The present study provides an account of 14 species of cladorchiids found in freshwater fishes in South America (Brazil and Peru), with numerous new host (29) and geographical (8) records. In addition, three new species are described and scanning electron micrographs of seven species are provided, five for the first time. However, the most important advance of the present study is the first assessment of the phylogenetic relationships of Neotropical cladorchiids.
In the most comprehensive molecular phylogenetic study of digeneans at family level, Olson et al. (2003) Sokolov et al. (2016) using molecular data, but only a single cladorchiid from fish, Amurotrema dombrowskajae Achmerov, 1959, a parasite of the grass carp, Ctenopharyngodon idella (Valenciennes), in the Palaearctic region, was included in this analysis.
Based on available data, we cannot confirm the monophyletic status of the family Cladorchiidae, whereas two of its subfamilies, Dadayiinae and Kalitrematinae, appeared as non-monophyletic. However, molecular data for members of other subfamilies of the Cladorchiidae are needed before any change in subfamilial classification is proposed. The same applies to the validity of some morphologically well-distinct, but genetically closely related genera, such as Goeldamphistomum Pantoja, Scholz, Luque et Jones, 2018 and Iquitostrema Pantoja, Scholz, Luque et Jones, 2018 , because their intergeneric nucleotide divergence was the same as, or lower than, intrageneric (interspecific) divergence in some genera.
Using molecular data, it was possible to confirm the distinctions between morphologically similar species, such as Pseudocladorchis nephrodorchis and the new species P. romani, and three species of Dadaytrema. In contrast, some morphologically distinct species of different genera appeared to be closely related, e.g. two recently described species of two newly erected genera from Peru, Goeldamphistoma and Iquitostrema. They are conspicuously different from each other in several morphological characters, including the size and robustness of the body, the size, shape and type of the acetabulum, the pharyngeal type, the position of the testes relative to the caeca and to each other, the extent of the uterine coils relative to the caeca, and the distribution of vitelline fields (see Pantoja et al. 2018) . Some previous studies have also revealed that 28S rDNA may not help to differentiate closely related species (Hwang and Kim 1999, Ghatani et al. 2014) , but this marker made it possible to differentiate two species of Pseudocladorchis in the present study (Fig. 6) .
Neotropical cladorchiids are revealed to be monophyletic, with three non-Neotropical cladorchiids, namely A. dombrowskajae from Russia, Helostomatis cf. helostomatis from Thailand and Pisciamphistoma stunkardi from USA, representing their sister clade. The first species is native to the Far East of Russia and was introduced with carp to Central Asia, East and Central Europe (Chen 1985 , Sokolov et al. 2016 . It is more closely related to H. cf. helostomatis from the Indomalayan region, both taxa being a sister of the Nearctic P. stunkardi. Manter (1963) proposed that this parasite of centrarchids in North America is not closely related to cladorchiids from Brazil, having originated from a marine ancestor.
McClelland (1957) commented on the morphological similarity between Brevicaecum niloticum McClelland, 1957 (African) and Kalitrema kalitrema Travassos, 1933 (South American) , but also accepted the significant morphological differences between the two monotypic genera. Many more taxa have been described in the South American fauna since 1957. It seems that geographical isolation can be a factor in divergence and it may have been significant, although it was not necessarily a defining factor. Presumably, in the event of a common origin, there will have been many extinction events. In fact, South American and African cladorchiids share similar hosts (siluriform and characiform fishes) (Manter 1963 , Jones 2005b , Thatcher 2006 . Unfortunately, molecular data are not available for any African cladorchiid from freshwater fish to have a better insight into the evolutionary history of the group.
Over-all, molecular data reveal less strict host specificity of most species because the same species occurred in fishes of different species, genera, families or even orders (Characiformes and Siluriformes). For example, Dadayius marenzelleri occurs in auchenipterids and serrasalmids, Dadaytrema minimum in auchenipterids, doradids, pimelodids and serrasalmids, and Dadaytrema oxycephalum in three families of catfishes (Auchenipteridae, Doradidae and Pimelodidae) and two families of characiforms (Characidae and Serrasalmidae). Molecular data also confirmed the wide geographical distribution of several species that occur in both principal river basin in South America, i.e. the Amazon and Paraná River basins (three species of Dadaytrema and Doradamphistoma parauchenipteri).
Most cladorchiids from freshwater fishes in South America occur in characiform fishes, but the present extensive material collected throughout Brazil and in Peru also originated to a large extent from catfishes, with the highest number of species (and the highest intensity of infection) found in doradids. The number of cladorchiids found in auchenipterids and pimelodids was considerably lower and very few paramphistomes occurred in cichlids, but the specimens found in Heros sp. represented a new species. Despite the extensive research of V.E. Thatcher in the Brazilian Amazonia in the two last decades of the 20th century, this group of fish paramphistomes remains insufficiently known. This has been demonstrated by Pantoja et al. (2018) who described three new species in two new genera based on material from Peruvian Amazonia, and by the high number of new host and geographical records presented here. The description of another three new species in the present paper increases the total diversity of cladorchiids in freshwater fish in South America to 38 species, confirming the family as dominant in the Neotropical region (Thatcher 2006 , Choudhury et al. 2016 .
